Progestin-primed ovarian stimulation (PPOS) protocol has recently been demonstrated to be an novel regimen for preventing premature LH surges during controlled ovarian hyperstimulation (COH) in combination with frozen-thawed embryo transfer (FET). Our prospective controlled study was to explore the effect of human chorionic gonadotropin (hCG) contained in human menopausal gonadotropin (hMG) on the clinical outcomes in normalovulatory women undergoing COH with PPOS. A total of 180 patients were allocated into three groups according to the gonadotropin (Gn) used: group A (human menopausal gonadotropin, hMG-A), group B (hMG-B) or group C (follicle stimulating hormone, FSH). The primary outcome measured was the number of oocytes retrieved. The number of oocytes retrieved in group A B C was 10.72±5.78 11.33±5.19and13.38±8.97, respectively, with no statistic significance (p>0.05). Other embryological indicators were also similar (p>0.05). The concentration of serum and urinary β-hCG on the trigger day in group A and B were not associated with embryo results (p>0.05). There was no significant differences in the clinical pregnancy rate (41.67% vs. 51.56% vs. 39.51%, p>0.05) and implantation rate (31.58%vs. 34.75%vs.25.33%) after FET among the three groups. Thus the clinical characteristics were not affected by the hCG contained in hMG in normalovulatory women treated with PPOS.
INTRODUCTION
Gonadotropin (Gn) has been used to induce the development of multiple follicles and increase the efficiency of ovarian stimulation in women with infertility since the 1960s. Originally, the human menopausal gonadotropin (hMG) with both follicle stimulating hormone (FSH) and luteinizing hormone (LH) activity was used. The overall LH activity in hMG was mainly derived from the human chorionic gonadotrophin (hCG), which was intentionally supplemented by manufacturers to standardize the product because of variable amounts of endogenous LH in hMG preparations during purification [1, 2] . The hCG plays a role similar to LH and contributes to folliculogenesis and oocyte maturation by modifying the steroid and protein micro-and macro-environments by binding to the LH/hCG receptor [3] . However, hCG has a higher number of glycosylated residues that result in a longer serum half-life (2.32 days for hCG vs 1 h for LH) and enhanced biological activity (hCG: LH activity of 6:1) [4] [5] [6] . Since some studies suggested that hCG components in hMG were detrimental to follicle growth and oocyte www.impactjournals.com/oncotarget/ Oncotarget, 2017, Vol. 8, (No. 50), pp: 87340-87352 Research Paper maturation, there was once a gradual shift from hMG to recombinant human FSH (r-FSH) [1, 7] . In contrast, some researcher observed that hCG alone was able to induce follicular growth instead of FSH [8] , meanwhile, a beneficial effect of adding low-dose hCG to FSH was reported in patients with hypogonadotropic hypogonadism [9] , polycystic ovarian syndrome [10] or poor ovarian response [11] . Thus the administration of exogenous LHactivity components was still controversial in the GnRH agonist or antagonist protocol.
Thanks to "freeze all" strategy, the constraints associated with ovarian stimulation in relation to the potential harmful effects of the hormonal environment on endometrial receptivity can be avoided. New strategies for improving the practice and results of IVF attempts were innovated [12] . The new stimulation protocol named progestin-primed ovarian stimulation (PPOS) where exogenous progesterone is used from the early follicular phase to block the LH surge during controlled ovarian hyperstimulation (COH), has recently been demonstrated to obtain similar embryonic characteristics and pregnancy outcomes compared to standard GnRH agonist (GnRH-agonist) short protocol following frozen-thawed embryo transfer (FET) [13] [14] [15] [16] [17] . The progesterone formulation is user friendly as it can be orally administered in comparision with the requirement for repeated injections of GnRH agonist and antagonists. Also it is economical than the usage of GnRH agonist and antagonists in the procedure of COH, though whether the overall cost of the ''freeze-all'' strategy increased is still obscure in consideration of the fees to freeze and thaw embryos.
PPOS was different from GnRH agonist or antagonist protocol with distinct mechanism and an elevated progesterone levels throughout the COH. Moverover, the impact of hCG in Gn preparations on the clinical outcomes during PPOS has not been reported. Therefore, we conducted a prospective controlled cohort study in normal ovulatory women undergoing in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) treatments by PPOS. The clinical results including the hormone profile, embryo results and pregnant outcomes were compared in terms of the types of Gn, levels of β-hCG and LH in serum and urine.
RESULTS

Patient characteristics
Out of the 210 women that were assessed for eligibility, 180 were enrolled and assigned to the three experimental groups (Figure 1 ). In all 3 groups, the basic characteristics of the patients in the study including age, body mass index (BMI), the number of antral follicles, duration of infertility and basal endocrine characteristic were similar (Table 1) .
Ovarian stimulation, follicle development and oocyte performance Table 2 shows the clinical and embryological characteristics of controlled ovarian hyperstimulation in the three groups. About 1-38 oocytes were retrieved and 1-23 embryos were cryopreserved among all 180 women. The mean duration of stimulation and gonadotropin doses were similar among the 3 groups (P>0.05). Group C had higher number of follicles (diameters larger than 10 mm) and number of retrieved oocytes than groups A and B (P>0.05). However, the rate of oocyte retrieval was higher in group B than in groups A and C (P<0.05). The numbers of D3 top-quality embryos and cryopreserved embryos, as well as cleavage rate and viable embryos per oocyte retrieved were similar among all three (P>0.05). Among the 180 women, 4 in the group A and 3 each in groups B and C had poor quality embryos or lacked fertilized oocytes. The cycle cancellation rate due to non-viable embryos was similar among the three groups (P>0.05).
Pregnancy outcomes
During the study, 180 women completed 217 FET cycles. Among these 47 finished 2, 7 finished 3 and one finished 4 FET cycles, respectively ( Figure 1 ). The 401 embryos that were thawed were all viable. The endometrial preparation method, endometrial thickness on the day of transfer and the number of transferred embryos were comparable among the 3 groups. The clinical pregnancy rate among groups A, B and C was 41.67% (30/72), 51.56% (33/64) and 39.51% (32/81), respectively (P>0.05). There were 26 patients with twin pregnancies, which was highest in group A (40% vs. 24.24% vs. 18.75%). While 11 patients (2 in group A, 6 in group B and 3 in group C) experienced miscarriage before reaching the gestational age of 12 weeks, one patient had ectopic pregnancy. The implantation rate of embryos was comparable in the three groups, which indicated that the embryos had similar development potential (Table 3) .
Hormone profiles
The values of circulating concentrations of FSH, LH, E 2 , P and β-hCG in the three groups are presented in Figure 2 . FSH levels were higher in hMG than in u-FSH groups on menstrual cycle day (MC [9] [10] [11] ) and the trigger day (P<0.05). The LH values gradually decreased similarly in the three groups and no premature LH surges were detected during ovarian stimulation. The average LH levels were lower than the basal LH values in all the participants on the trigger day and increased on the day after trigger. The serum E 2 concentrations on MC 9-11 were higher in groups A and B (hMG) than group C (u-FSH), but were comparable on the trigger day and the next day. Progesterone values were low (0.31 ng/ml -0.68 ng/ml) during ovarian stimulation, and increased after trigger with higher levels in group B than in groups A and C on MC 9-11 (P<0.05).
The serum and urinary β-hCG concentrations in group C were 1.2 IU/L (the lower limit of β-hCG measurement) throughout the ovarian stimulation period. The serum β-hCG concentrations group A were comparable on MC 9-11 and the trigger day (3.49 ± 1.71 IU/L and 3.12 ± 1.77 IU/L) and were higher than in group B (1.93 ± 0.59 IU/L and 1.9 ± 0.73 IU/L ; P<0.05). The urinary β-hCG concentrations in group A on MC 9-11 and the trigger day were 8.81±6.09 IU/L and 6.76±5.05 IU/L, respectively, which was higher than in group B, which were 4.41±2.87 IU/L and 4.43±3.01 IU/L, respectively (P<0.05).
The serum and urine β-hCG concentrations correlated with one another (r=0.903, P<0.001) and were similar on MC 9-11 and the trigger day despite increased gonadotropin doses. In addition,there was no correlation between rate of mature oocytes and serum β-hCG (r=-0.152, P=0.099), urinary β-hCG (r=-0.061, P=0.510) and LH (r=-0.107, P =0.153) levels on trigger day among all participants.
Subgroup analysis of embryo characteristics with LH or β-hCG levels
The women in groups A and B (hMG treated) were stratified into 3 groups namely, ≤P25, >P25-P75, and >P75 based on the 25th and 75th percentiles (P) of serum and urinary hCG levels on the trigger day. As shown in Tables 4 and 5, the three groups showed similar general characteristics and embryo features like number of cleaved embryos, the number of viable embryos, cleavage rate Similarly, when participants were divided into P25, >P25-P75, and >P75 groups based on serum LH levels on the trigger day, the general characteristics and embryo features like number of cleaved embryos, the number of viable embryos, cleavage rate and viable embryo rate per oocyte retrieved were comparable (P>0.05). However, as shown in Table 6 , stimulation characteristics, the duration of stimulation, the total dose of gonadotropin, the number of oocytes retrieved, the number of MII oocytes and the number of fertilized oocytes were highest in the≤P25 quartile (P<0.05) and the number of oocytes retrieved were highest in the P25-P75 group (P<0.05).
Then, we compared the embryo characteristics in patients with LH<0.68 IU/L in groups A, B and C that were administered different concentrations of gonadotropin. As shown in Table 7 , we observed that the number of antral follicles were higher in group B (10.75±1.84) than in groups A (8.2±3.34) and C (9.71±2.79). Meanwhile, the number of oocytes retrieved were highest in group C (P>0.05) and the viable embryo rate per oocyte retrieved was highest with group A (P<0.05). The other parameters were similar among the 3 groups.
DISCUSSION
This is the first prospective controlled cohort study investigating the effect of hCG in hMG on the clinical outcomes of normal ovulatory women undergoing IVF/ ICSI treatments in the PPOS protocol. In general, the embryo quality and pregnancy outcomes were similar in patients treated with u-FSH as well as hMG. We also demonstrated it was more sensitive to detect individual differences in Gn metabolism by estimating β-hCG levels in urine than that in serum.
In our study, there were no significant differences in the pregnant outcomes after FET among the three groups. These results were similar to the meta-analysis that showed no substantive differences in efficacy of different gonadotropin sources [18] . However, our study results contradicted another study that showed higher clinical pregnancy rates upon hMG use [19] . A probable explanation for this contradiction could be the embryo transfer technique as the FET strategy may have decreased the beneficial impact of hCG on endometrium. This confirmed the meta-analysis that showed Gn types after FET did not influence clinical pregnancy rates [20] . In our study, some participants did not finish their FET cycles due to personal reasons that may have contributed to the bias in the data.
Our data showed no differences in the number of retrieved oocytes, mature oocytes and fertilization, cleavage and viable embryos among the three groups. A meta-analysis showed that hMG treatment resulted in fewer oocytes, higher total dose, and higher estrogen values than r-FSH treatment due to circulating levels of hCG derived from hMG injections on the human cumulus cells that hasten the demise of <14 mm follicles [21] . The mechanisms underlying these observations are not fully understood. However, major differences were observed in the gene expression profiles of pre-ovulatory granulosa cells after COH by FSH or hMG, thereby showing molecular evidence for mediation of the cumulus cells in embryo development [22] .
There are no reports of the effect of LH levels on embryo characteristics in PPOS. Our study showed no premature LH surges. Thus, we compared the cycle characteristics by dividing patients into 3 different subgroups based on LH values on the trigger day. The data showed no differences in the number of cleaved embryos, Values represent .
the number of viable embryos, cleavage rate and viable embryo rate per oocyte retrieved (P>0.05) among the three subgroups. Interestingly, the number of MII oocytes and fertilized oocytes were highest in the ≤P25 quartile group (P<0.05), whereas the number of oocytes retrieved were highest in the P25-P75 group (P<0.05). One possibility is the differences in protocol. The LH suppression in the traditional down-regulation protocol and antagonist protocol were dose-dependent. However, the suppression of LH secretion in PPOS was a joint effect of progesterone, estrogen, and the GnRH neurosecretory system [23] [24] . Thus, the over-inhibited LH level may be associated with higher E 2 values produced by more oocytes. However, there was no association between the LH levels and the mature oocyte rate in our study. In addition, we need to be cautious due to the inclusion of patients treated with hMG, since its mechanism needs to be further investigated in a larger sample size.
In the subgroup of patients with LH values <0.68 IU/L on the trigger day, the number of oocytes retrieved was highest and the viable embryo rate per oocyte retrieved was least with u-FSH, as previously reported [25] . In contrast, low number of oocytes were retrieved from hMG-A patients although they also showed the highest viable embryo rate per oocyte retrieved with the average β-hCG level on trigger day being 3.98±2.26 IU/L in serum and 8.92±6.14 IU/L in urine. One explanation for these data could be the concept of 'LH ceiling', which suggests that LH values should neither be too high nor too low. This was in accordance with an hypothesis by Beretsos et al that hCG exposure throughout stimulation would facilitate embryo quality by mediating paracrine factors such as insulin-like growth factor-1 and transforming growth factor-β [26, 27] . Based on the principle of adequate LH levels, there may be an optimal situation of adding hCG. If a particular range of hCG in serum or urine correlated with increased rate of oocyte maturity, then hCG injections could be tailored to achieve those levels by determining serum and urine β-hCG levels. In our study, the embryo characteristics were similar in the three subgroups based on the type of gonadotropin used in patients with LH<0.68IU/L on the trigger day. This finding should be cautious due to the limited sample size. The hCG levels vary among various commercial hCG assays (different combinations of 7 antibodies) because of multiple hCG-related metabolites in the serum and urine samples including degraded hCG, hyper and hypoglycosylated hCG, free α and β subunits and β-hCG core fragments [28] . In our study, the Abbott Architect system detected only β-hCG as the antibody combined with non-nicked hCG molecules and free β-hCG subunit without cross-reacting with the core β-fragment [28, 29] . The half-life of serum β-hCG was 3.93±0.68 h and was metabolized by the kidneys and accumulated in urine [28, 29] , thereby adding to discrepancy in serum measurements. Thus, urinary β-hCG assayed by the Abbott Architect system reflected the absorptive capacity of hMG in different patients as previously described [30] . Our determination shows the urine β-hCG levels was always higher than the serum β-hCG levels, which indicates the sensitivity of urine in the detection of β-hCG. It can help distinguish the differences below 1.2 IU/L in serum and magnify the range of serum β-hCG levels. This may establish a new method to investigation in the usage of hCG.
Furthermore, there was no association between β-hCG levels and the rate of mature oocyte, probably due to varied β-hCG levels in patients. Elkind-Hirsch et al. showed different serum β-hCG levels despite similar doses of hCG; also, BMI was inversely correlated with β-hCG levels [31] . In contrast, we observed different hCG levels despite comparable BMI and similar hCG injections suggesting that hCG metabolism varied among individuals. Subgroup analysis based on different β-hCG levels in serum and urine suggested that higher β-hCG levels were associated with increased number of viable embryos. This was in accordance with a retrospective study by Arce et al, which demonstrated that mid-follicular concentrations of exogenous hCG originated from high purified hMG (HP-hMG) and positively associated with live-birth rate and the number of top-quality embryos in patients treated with GnRH agonist [32] .
There are limitations related to the design of our study. First, the time between injection and measurement of hCG was variable in this study. A pharmacokinetics study demonstrated that serum β-hCG levels peaked at 12 h after injection and decreased over the course of 120 h thereafter [33] . Therefore, the optimal time to measure serum β-hCG levels was 12 h after injection. In our study, patients were usually injected in the evening (5-7pm) and blood was drawn in the morning (7-9am) on the next day and therefore was not exactly at 12 h. Second, the urine samples were collected without an exact collection time and restricted water intake, which could vary urinary β-hCG levels as reported earlier [34] . Third, the sample size was limited as u-FSH was not preferred in our clinic since its price was six times than hMG in China. Finally, incomplete FET cycles contributed to the reduced power of this study.
In conclusion, hMG treatment in normal ovulatory patients resulted in the same embryo quality and clinical pregnancy outcomes compared to FSH in the PPOS protocol irrespective of the discrepancies in serum and urine hCG values. Since the price of hMG is only one seventh of the price for FSH in China, our study permits clinical use of the cost-effective Gn preparation for patients undergoing COH. In addition, our study shows the urine is a more sensitive method to detect β-hCG levels than the serum which may be useful for researches related to hCG administration during COH. The sample size is limited as a preliminary trial, therefore, future prospective studies with larger patient pools are necessary to further optimize the PPOS regimen. 
MATERIALS AND METHODS
Study setting and patients
We conducted this prospective controlled cohort study at the Department of Assisted Reproduction of the Ninth People's Hospital of Shanghai Jiaotong University School of Medicine by enrolling 180 women undergoing IVF/ICSI regimens for infertility treatment between September 2014 to December 2015. The study protocol was approved by the Ethics Committee (Institutional Review Board) of the Ninth People's Hospital of Shanghai and the trial was registered with the Chinese Clinical Trial Registry (ChiCTR-OPN-14005276). It was conducted according to the Declaration of Helsinki for medical research. All participants provided informed consent after counseling for infertility treatments and routine IVF procedures.
The inclusion criteria were (1) patient age was less than 40; (2) patients had a regular menstrual cycle over the previous three month period (25-35 days) ; (3) the antral follicle count was more than 5 on menstrual cycle days 2-3; and (4) the basal serum FSH concentration was no more than 10 IU/L.
Study exclusion criteria were (1) documented ovarian failure including basal FSH above 10 IU/L or antral follicles not found by ultrasound examination; (2) endometriosis grade 3 or higher; (3) diagnosed with polycystic ovarian syndrome (PCOS); (4) received hormonal treatments in the previous three months; (5) any contraindications to ovarian stimulation treatment; and (6) documented oocyte pick-up failure.
Patient group allocation and sample size estimate
This was a prospective non-inferiority trial. Since the clinical characteristics of the PPOS protocol were unknown at the start of the study, it was not feasible to accurately estimate the sample size for this prospective study. It was decided to perform analysis when 150 patients had entered in the study. In consideration of potential dropouts, data analysis was performed when 180 patients had been randomized. Patients were randomly assigned in a 1:1 ratio to receive either types of gonadotropin by a computer generated drawing of random numbers assigned in a sealed envelope. The study researcher was blinded to the order of group assignment at the time of recruitment and randomization, whereas the physicians and embryologists involved in oocyte retrieval and embryo transfer were masked to group assignments of participants in the trial. Participants were not masked to group assignments.
PROCEDURES
Controlled ovarian stimulation
The 180 patients recruited for this study were allocated to three groups based on the type of Gn being used, namely (1) group A, hMG-A (brand name: fengyuan; Anhui Fengyuan Pharmaceutical Co., China); (2) group B, hMG-B (brand name: lebaode; Lizhu Pharmaceutical Trading Co., China); (3) group C, u-FSH (brand name: lishenbao, Lizhu Pharmaceutical Trading Co.,China). The patients were administered 10 mg/day MPA and 225 IU Gn from MC 3 onwards. Follicles were monitored from MC [9] [10] [11] onwards every 2-4 days by a transvaginal ultrasound examination to record the number of developing follicles. When three dominant follicles reached 18 mm in diameter, the MPA and Gn treatment was stopped and the final stage of oocyte maturation was triggered by administering 0.1 mg triptorelin (Decapeptyl, Ferring pharmaceuticals, Germany) and 1000 IU hCG (Lizhu Pharmaceutical Trading Co., China). Transvaginal ultrasound-guided oocyte retrieval was performed 34-36 hrs after triggering oocyte maturation. All follicles ≥ 10 mm diameter were retrieved.
Fertilization was carried out by either IVF or ICSI depending on semen parameters. Embryos were examined on the third day and all good-quality embryos (including grade 1 and grade 2, 8-cell embryos) were frozen by vitrification. Other embryos were further cultured until they reached the blastocyst stage and blastocysts that showed normal morphology were frozen on days 5 or 6.
Hormonal measurement
Serum FSH, LH, E 2 , progesterone, β-hCG levels were measured on MC 3 , MC 9-11 (after 6-8 days of stimulation), the day when oocyte maturation was triggered and the day after trigger (approximately 10 h after the injection of triptorelin, a GnRH agonist and hCG). Urinary β-hCG was measured on MC 9-11 and the trigger day.
Hormonal levels were measured by chemiluminescence (Abbott Biologicals B.V, Netherlands). The Abbott Architect system used in our study detected only β-hCG, whose lower limit was 1.2 IU/L and sensitivity was 0.01 IU/L. The lower limits of sensitivity were as follows: FSH, 0.06 IU/L; LH, 0.09 IU/L; E 2 , 10pg/ml ; progesterone, 0.1ng/ml and β-hCG, 1.2 IU/L. Since the upper limit of E 2 measurement was 5000 pg/ml, the E 2 values were recorded as 5000 pg/ml if the E 2 levels on the trigger day or day after trigger were higher. Intra-and inter-assay coefficients of variation were 2.6% and 5.8% for FSH, 5.9% and 8.1% for LH, 6.3% and 6.4% for E 2 and 7.9% and 10% for progesterone.
One ampoule hMG included 75IU FSH and 75IU LH activity. Data was not available for hCG activity in hMG since it was not a compulsory requirement of international pharmacopoeias. The activities in one ampoule of each of the three types of gonadotropin employed in our study were determined with Abbott Architect system. The β-hCG levels were 16.77 IU/L for hMG-A (fengyuan), 7.86 IU/L for hMG-B (lebaode) and 1.2 IU/L for u-FSH (lishenbao), respectively. www.impactjournals.com/oncotarget
Endometrium preparation and FET
Patients with thin endometrium, uterine polyps, submucous myoma (diameter no more than 10 mm) and previous IVF failures were advised to perform hysteroscopy screening prior to FET to detect and treat intra-uterine pathologies. Natural FET cycles were used for women with regular menstrual cycle and letrozole was administered for patients with irregular menstrual cycles. For patients with thin endometrium during natural or stimulation cycles, hormone replacement treatment with oral ethinyl estradiol (25μg tid or thrice a day) (Xinyi Pharmaceutical Co., China) was recommended from day 3 of the cycle for endometrial preparation. Once the endometrial lining reached thickness greater than 8 mm, estradiol and dydrogesterone (Abbott Healthcare Products B.V, Netherlands) and vaginal progesterone soft capsules (Laboratoires Besins International, France) were administered. Embryo transfer was performed three days later and blastocyst transfer was performed on the fifth day. Upon successful pregnancy, the progesterone supplement was continued until 10 weeks of gestation.
Statistical analysis
The number of oocytes retrieved was the primary outcome measure whereas the number of mature oocytes, the rate of viable embryos, the clinical pregnancy rate after FET were secondary measures. Rate of viable embryos was defined as the number of viable embryos obtained divided by the number of oocytes retrieved. The implantation rate was defined as the number of gestational sacs divided by the number of embryos transferred. The clinical pregnancy included intrauterine pregnancy,ectopic pregnancyand heterotopic pregnancy confirmed by an ultrasound examination at 7 weeks after FET. The miscarriage rate was defined as the proportion of patients with spontaneous termination of pregnancy.
Efficacy analyses of the primary and secondary end points was determined in treated subjects including those that did not obtain viable embryos after treatment cycles and did not have a clinical pregnancy. In the tables presented in this study, data are presented as the mean ± SD ± x ( S) and percentage (%). The normality of continuous variables was tested by the Shapiro-Wilk test. Continuous variables were compared via one-way ANOVA if the normality assumption was true; otherwise, the Kruskal-Wallis test was applied. Proportions were compared using the Fisher's exact test or the χ2 test, when appropriate. P < 0.05 was considered statistically significant. All data were analyzed by the SPSS software for Windows, Version 16.0 (SPSS Inc., Chicago, IL, USA).
Abbreviations PPOS = progestin-primed ovarian stimulation, COH = controlled ovarian hyperstimulation, FET =frozen-thawed embryo transfer, GnRH = gonadotropin-releasing hormone, hCG = human chorionic gonadotrophin, hMG = human menopausal gonadotropin, IVF = in vitro fertilization, ICSI = intracytoplasmic sperm injection, Gn =gonadotropin, LH = luteinizing hormone, FSH = follicle stimulation hormone, MC = menstruation cycle day, MPA = medroxy-progesterone acetate, P =progesterone, E 2 = estrogen, BMI = body mass index.
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